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ITOU-CORROSIVS  ALLOYS 


INTRODUCTION 

Metals  may  "be  divided  into  two  general  classes 
namely:-  those  which  are  valuable  on  account  of  their  strength 
and  durability  and  those  whose  values  lie  in  their  power  to  re- 
sist corrosion. 

A  general  discussion  of  the  uses  made  of  the  non- 
corrosive  property  of  metals  may  "be  of  interest  as  an  introduc- 
tion to  the  general  description  of  certain  alloys  which  are 
highly  resistant  to  acids. 
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The  Relation  of  the  ITon-Corrosive  Properties 
of  Metals  to  their  Cost. 

The  power  to  resist  corrosion  undoubtedly  has  a  marked  in- 
fluence on  the  value  of  metals.    For  instance  if  the  metals  are 
placed  in  order  according  to  their  value  it  will  be  seen  that 
the  most  valuable  metals  (platinum,  gold  and  silver)  are  the 
most  resistant  to  corrosion,  these  metals  in  turn  are  followed 
according  to  their  respective  price  by  nickel,  tin,  aluminum, 
copper,  zinc,  lead  and  iron. 

The  uses  of  the  metals  of  the  second  group  named  above  may 
be  considered  under  three  general  headings :- 

1st.  Where  the  pure  metal  itself  is  used. 

2nd.  V/here  the  metal  or  some  form  of  the  metal  is  used  as  a 

protective  coating. 
3rd.  T7here  the  metals  are  alloyed  in  order  to  increase  the 

non-corrosive  properties. 

Pare  Metals  used  on  account  of  their  Resistance  to 

Corrosion. 

Pure  platinum  and  gold  are  used  for  crucibles  and  in  other 
forms  of  apparatus  in  the  chemical  laboratory  because  they  are 
not  attacked  by  acids.     These  metals,  however,  are  not  used  in  the 
industries  because  of  their  great  cost.    Aluminum,  lead  and  zinc 
on  the  other  hand  are  used  for  special  purposes  in  the  industrial 
world  where  their  power  to  resist  the  action  of  alkalis  and  acids 
are  made  use  of. 

Aluminum  is  used  where  sulphates,  nitrates,  ammonia  and  or- 
ganic acids  are  handled  extensively.    For  instance  aluminum  is 
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used  in  the  manufacture  of  paper  pulp  "by  the  sulphite  process. 
Great  difficulty  has  "been  encountered  in  securing  a  metal  which 
would  not  be  attacked  "by  the  sulphurous  acid  gas  and  at  the  same 
time  would  "be  free  from  mechanical  drawbacks.     Sulphurous  acid 
gas  is  an  essential  feature  in  the  sulphite  pulp  process  and  the 
pipes  required  for  handling  it  in  a  large  mill  are  quite  exten- 
sive.   Prior  to  the  introduction  of  aluminum,  "bronze  pipe  was  com- 
monly used;  but  it  deteriorates  rapidly  under  the  action  of  SOs 
gas.    Aluminum  is  but  slowly  affected  by  the  gas  and  an  installa- 
tion of  it  can  be  regarded  as  practically  permanent. 

The  production  of  ammonia  as  a  by-product  of  coke  involves 
the  use  of  condensing  apparatus  to  cool  the  ammonia  gas.  Pure 
ammonia  is  destructive  to  copper  and  copper  alloys  and  the  usual 
impurities  in  crude  ammonia,  viz:-  hydrogen  sulphide,  sulphurous 
and  sulphuric  acid  gas,  attack  iron.    Aluminum  has  the  double 
quality  of  resisting  ammonia  and  its  common  impurities. 

One  of  the  principle  uses  of  aluminum  tubing  as  well  as 
other  forms  of  aluminum  is  in  the  manufacture  of  stearic  acid  and 
in  the  production  of  soap,  candles  and  other  products  where  stear- 
ic acid  is  the  principal  constituent.     Stearic  acid  for  use  in 
soaps  should  be  free  from  color  a  result  which  is  impossible  to 
secure  if  the  apparatus  and  pipes  by  which  it  is  made  and  carried 
from  place  to  place  are  made  of  copper.    The  verdigris  which 
gathers  on  copper  surfaces  during  the  periods  when  the  apparatus 
is  not  in  use  wears  off  and  stains  the  product  in  the  first  few 
days  of  operation.    As  aluminum  has  been  found  to  be  absolutely 
free  from  corrosion  by  stearic  acid  and  similar  acids,  it  is  used 
in  practically  all  candle  factories  and  many  soap  factories  hav- 
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ing  careful  regard  to  the  quality  of  the  product. 

Another  case  of  a  pure  metal  "being  used  "because  of  its  resis- 
tance to  corrosion  is  found  in  sulphuric  acid  plants  where  lead 
is  used.    Lead  is  not  attacked  "by  sulphuric  acid,  and  for  this 
reason  the  huge  chambers  used  in  the  manufacture  of  the  acid  are 
constructed  entirely  of  lead  as  well  as  the  pipes  for  conducting 
the  acid.     Iron  is  used  in  the  storage  of  the  concentrated  acid 
for  it  is  passive  in  the  presence  of  the  concentrated  acid. 

Protective  Coatings. 

The  principle  of  coating  one  metal  with  another  substance  is 
met  with  most  frequently  where  iron  and  steel  are  so  coated.  The 
method  of  protecting  iron  and  steel  from  corrosion  may  "be  divided 
into  the  following  classes: - 

I.  Enclosing  fl)  steel  in  wood,  masonry  or  other  solid 
materials  to  prevent  the  access  of  air  or  water. 

II.  The  use  of  an  adherent  coating  of  the  magnetic  oxide  of 

iron. 

III.  The  application  of  a  metallic  coating-e.g. ,  copper, 
nickel,  tin  and  zinc. 

The  first  classification  needs  little  discussion,  but  it  may 
be  of  interest  to  discuss  briefly  the  second  method  of  applying  a 
protective  coating  to  steel.     Steel  which  is  covered  with  this 
magnetic  oxide  of  iron  is  said  to  have  a  gun-metal  finish. 
Originally  this  process  was  known  only  to  gun-smiths:     hence  the 
name.     As  stated,  the  process  consists  in  producing,  on  the  fin- 
ished article,  the  black  oxide  of  iron,  i**ea04.     This  oxide  when 
properly  produced  is  rust  proof  for  the  reason  that  the  iron  in 
this  condition  will  not  take  up  any  more  oxygen  and  thus  corro- 
sion ceases.     The  formula  most  commonly  used  for  producing  this 


finish  is  as  follows :- 

rater — 4  ounces;  Alcohol — 4  ounces;  FeCla — 1/2  ounoe. 
The  water  and  alcohol  are  nixed  together  and  then  the  PeCls  is 
added,  which  will  readily  dissolve  without  heat. 

The  articles  to  "be  finished  are  first  polished  and  thorough- 
ly cleaned  of  all  grease  as  if  for  plating,  otherwise  the  solu- 
tion will  not  corrode  properly.    After  cleaning  it  is  run 
through  hot  water  and  allowed  to  dry  in  the  air.    The  solution 
mentioned  above  is  then  applied  uniformly  care  "being  taken  that 
there  is  no  excess,  for  if  there  is  an  excess  the  finish  can  not 
"be  produced,  and  the  result  will  be  a  surface  dotted  with  white 
spots  and  unevenly  corroded. 

After  the  article  is  properly  moistened  with  the  solution, 
it  is  placed  in  a  warm  moist  atmosphere.    The  article  is  left  in 
this  atmosphere  for  forty- five  minutes  and  will  then  in  most 
cases  be  covered  with  a  slight  rust.     It  is  then  removed  and 
placed  in  clean  boiling  water  for  fifteen  minutes.    The  article 
when  removed  is  allowed  to  dry  in  the  air  when  it  will  be  found 
to  be  covered  with  a  soft  black  oxide.    It  is  then  polished  on  a 
soft  circular  iron  wire  brush.    After  this  treatment  it  will  be 
found  that  most  of  the  black  oxide  is  removed  and  the  surface  of 
the  article  is  of  a  grayish  black  color.    To  obtain  the  black 
oxide  noticeable  on  gun  barrels  it  is  necessary  to  repeat  the 
treatment  several  times. 

Perhaps  (2)  the  most  important  process  for  protecting  iron 
from  corrosion  is  that  of  coating  the  iron  with  zinc.    There  are 
three  methods  for  coating  an  article  with  zinc,  namely:  galvaniz- 
ing, sherardizing,  and  by  the  deposition  of  zinc  by  means  of  the 
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electric  current.     The  oldest  method  is  that  of  galvanizing 
which  was  patented  in  1837  "by  Mr.  Crawford. 

Zinc  is  more  electro  positive  than  iron  and  for  this  reason 
it  is  suitable  as  a  coating  to  prevent  corrosion;  and,  even 
though  the  coating  of  zinc  is  removed  in  places,  the  protection 
continues  as  long  as  there  is  any  zinc  remaining.    Tin,  on  the  con- 
trary, is  negative  to  iron  and  as  soon  as  any  portion  of  the  iron 
is  exposed  corrosion  takes  place  more  rapidly  than  an  uncoated 
piece  of  iron.     These  facts  would  indicate  that  the  positive  pole 
or  anode  is  the  one  to  be  attacked  in  case  of  an  electrolytic 
corrosive  action,  and  indeed  this  fact  has  "been  proved.  (3). 

The  usual  process  of  galvanizing  is  that  of  coating  by  im- 
mersion in  molten  zinc  after  first  removing  the  scale  by  dipping 
in  acid  (  called  pickling  ) .    In  the  other  process  invented  by 
S.  Cowper  Cowles  and  known  as  "sherardizing"  the  articles  to  be 
coated  are  heated  when  packed  in  a  box  and  surrounded  by  a  mix- 
ture containing  zinc  dust.    In  the  case  of  an  electro-deposition 
of  zinc  the  electrolyte    is  generally  a  solution  of  zinc  sulphate. 
Zinc  is  readily  attacked  by  even  weak  vegetable  acids  and  thus 
galvanized  articles  should  not  be  used  for  cooking  utensils  or 
for  the  storage  of  foods. 

ITearly  everyone  is  familiar  with  copper  and  nickel  plated(4) 
articles.    Copper  can  be  readily  deposited  upon  the  surface  of 
clean  iron  in  the  form  of  a  firm  uniform  coating  by  the  use  of  the 
electric  current  and  an  alkaline  cyanide  solution.     This  coating 
is  relatively  expensive;  and,  if  any  of  the  protecting  coating 
wears  away  the  copper  and  iron  form  an  electric  couple,  of  which 
the  iron  is  the  positive  element  and  thus  oxidizes  more  readily 
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than  when  alone. 

Hickel  is  largely  applied  for  protecting  the  surface  of  iron 
on  account  of  its  silver-like  appearance  and  power  of  resisting 
oxidation.    ITickel  can  "be  electro  deposited  directly  upon  the 
cleansed  surface  of  iron  from  a  neutral  solution  of  nickel  am- 
monia sulphate;  "but,  in  order  to  prevent  the  deposit  from  scaling 
when  in  use,  a  coating  of  copper  is  frequently  first  obtained; 
and  the  nickel  is  then  deposited  on  the  copper. 

Tin  is  employed  on  a  very  extensive  scale  for  the  protection 
of  iron.     Tin-plate  is  specially  applicable  for  the  production  of 
vessels  for  holding  articles  of  food  or  for  cooking  utensils,  as 
tin  is  not  attacked  "by  vegetable  acids.     Tin,  however,  has  the 
disadvantage  of  "being  electro-negative  to  iron  as  already  stated. 

Alloys . 

Some  work  has  "been  done  in  order  to  produce  an  iron  alloy 
which  in  itself  would  "be  resistant  to  the  action  of  chemicals (5) • 
For  instance  an  alloy  of  iron  containing  from  one  to  ten  percent 
of  nickel  is  recommended  for  the  manufacture  of  machinery  which 
comes  in  contact  with  soap,  washing  soda,  "blueing  or  starches. 
It  is  stated  that  this  alloy  will  resist  "both  alkalies  and  acids 
very  well. 

Further: (6)  astonishing  properties  are  displayed  by  a  steel 
containing  over  ten  percent  of  chromium  and  a  small  addition  of 
from  two  to  five  percent  of  molybdenum.    These  alloys  are  said 
to  be  insoluble  not  only  in  hydrochloric  and  sulphuric  acids  but 
also  in  nitric  acids,  even  with  the  addition  of  alkali-chlorides; 
and  if  they  contain  sixty  percent  of  chromium,  thirty- five  per- 
cent of  iron  and  from  two  to  three  percent  of  molybdenum  they 


withstand  even  "boiling  aqua  regia. 

Brorcher's  alloys  of  iron  which  are  resistant  to  acids  are 
prepared  "by  adding  from  two  to  five  percent  of  molybdenum  to  an 
alloy  of  f erro-chrome ,  which  contains  very  little  carbon  and  not 
less  than  ten  percent  of  chromium.  (7). 

The  corrodibility  (8)  of  steel  may  "be  influenced  in  at 
least  three  different  ways,  "by  the  introduction  of  foreign  ele- 
ments, namely:  - 

I.  A  few  elements , such  as  carbon,  nickel,  and  silicon  yield 
compounds  which  offer  good    resistance  to  oxidation  and  thus 
greatly  enhance  the  stability  of  the  metal  towards  corrosion. 

II.  Some  elements  yield  readily  fusible  alloys  or  compounds 
of  variable  melting  points,  which  during  the  solidification  of 
the  steel  tend  to  produce  segregation  of  the  materials.  This 
segregation  is  one  of  the  most  serious  causes  of  galvanic  activ- 
ity and  "pitting"  with  which  the  engineer  has  to  contend. 

III.  Finally  a  few  elements,  like  sulphur,  when  present  in 
steel  exist  in  the  form  of  relatively  oxidizable  bodies  which 
yield  sulphurous  acid;  and  thus  enhance  the  rate  of  corrosion. 

Formerly  Muntz  metal  was  used  for  condensers.    Kuntz  metal 
has  a  composition  of  approximately  sixty  parts  of  copper  and 
forty  parts  of  zinc.    This  alloy  is  composed  of  mixed  crystals  of 
X  and  B  alloys.     In  the  presence  of  sea  water,  galvanic  action  is 
started  between  these  alloys  with  the  result  that  the  B  alloy 
becomes  dezincified  leaving  Z-crystals  in  a  mass  of  spongy  copper. 
The  action  then  reverses  and  the  X-erystals  are  dezincified, 
leaving  a  tube  made  up  of  spongy  and  brittle  copper,  which  may  be 
snapped  off  as  easily  as  a  rotten  stick. 
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Brass  tubes  have  proved  but  little  "better  since  any  sub- 
stance like  carbon  or  oxide  of  iron  which  goes  into  the  condenser 
starts  galvanic  action  with  a  result  similar  to  that  just  des- 
cribed. 

In  order  to  overcome  these  troubles  the  Admirality  alloy  was 
devised.    This  consists  of  seventy  parts  of  copper,  twenty-nine 
parts  of  zinc,  and  one  part  of  tin.    It  is  much  more  resistant  to 
corrosion  than  the  alloys  just  mentioned  as  it  is  richer  in  cop- 
per and  the  tin  exerts  a  protective  influence.    Under  the  condi- 
tion of  exposure  in  polluted  harbors,  even  this  alloy  will  be 
destroyed  by  dezincification  within  a  few  years. 

Attempts  were  made  to  obtain  an  alloy  which  would  be  still 
further  resistant  to  corrosion;  and  tubes  were  made  from  alloys  of 
copper  and  nickel;  but  these  were  not  enough  better  than  those 
from  Admirality  metal  to  warrant  the  extra  expense  of  production. 

Finally  tests  have  been  made  with  a  special  grade  of  alumi- 
num bronze,  known  as  "Benedict  Bronze",  with  results  which  indi- 
cate that  this  bronze  is  very  much  superior  to  any  other  alloy 
which  has  been  used  in  condenser  tubes  in  the  presence  of  sea 
water  and  especially  in  the  waters  of  polluted  harbors.  Such 
bronzes  have  generally  been  known  to  be  particularly  resistant  to 
corrosion;  but,  on  account  of  the  difficulties  which  were  en- 
countered in  working  the  metals,  it  has  not  been  possible  to  han- 
dle them  with  success  until  recently. 

Metals  with  non-corrosive  properties  have  beeii  sought  by 
shipbuilders  for  the  manufacture  of  propeller  wheels  and  other 
parts  exposed  to  the  action  of  the  salt  water.  Parson* s  Manganese 
Bronze "is  one  copper  alloy  found  very  suitable  for  this  class  of 
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work.     It  is  of  interest  to  note  that  in  September,  1910,  the  lar- 
gest all  "bronze  propeller  v/heel  ever  cast  in  the  United  States 
was  made  of  this  alloy.     The  wheel  weighed  twenty-five  thousand 
pounds  and  measured  seventeen  feet  six  inches  in  diameter. 

An  aluminum  alloy  consisting  of  ninety- two  parts  of  aluminum, 
two  parts  of  "bismuth,  five  parts  of  copper,  and  one  part  of  sili- 
con has  "been  found  to  "be  very  resistant  to  corrosion  (9).  In 
making  this  alloy  the  last  three  elements  are  melted  in  one  cruci- 
ble and  then  mixed  with  the  molten  aluminum. 

Recently  experiments  on  the  influence  of  cobalt  on  the  more 
important  metals  revealed  the  fact  that  an  alloy  of  forty  parts  of 
cobalt  and  sixty  parts  of  tin  was  especially  resistant  to  acids, 
even  to  the  most  concentrated  nitric  acid  and  such  as  is  mingled 
with  chloride  (10). 

This  alloy,  however,  was  not  of  practical  value  on  account  of 
its  brittleness.     It  was  further  found  that  this  alloy  dissolved 
in  other  metals.    For  instance,  if  enough  of  the  cobalt-tin  alloy 
is  dissolved  in  copper  to  make  alloys  from  eighty  to  ninety- five 
percent  of  copper  and  from  twenty  to  five  percent  of  the  cobalt-tin 
alloy,  there  is  obtained  a  series  of  alloys  which  may  not  only  be 
readily  machined  and  forged  but  which  have  also  a  high  degree  of 
chemical  resistance.    The  preparation  of  these  alloys  can  take 
place  in  the  usual  manner,  but  it  has  been  found  by  experiment 
that  it  is  best  to  make  the  cobalt-tin  alloy  first  and  dissolve  it 
in  the  copper. 
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DESCRIPTION  OF  EXPERIMENTS  TO  PRODUCE  AIT  ALLOY, 
WHICH  IS  I1ISOLUBLE  III  ACIDS. 

As  already  mentioned  the  noble  metals  are  the  only  ones 
which  can  resist  the  action  of  strong  chemicals.    However,  the 
excessive  cost  of  gold  and  platinum  make  the  use  of  these  metals 
impracticable  in  cases  where  a  considerable  quanroity  of  the  met- 
als is  necessary.    Much  work,  as  already  shown,  has  "been  done  to 
secure  alloys  which  would  not  he  corroded  in  air  and  in  contact 
with  sea  water;  hut  very  little  has  been  done  to  secure  alloys 
which  would  be  insoluble  in  strong  chemicals.    The  experiments 
to  be  described  were  made  for  the  purpose  of  producing  an  alloy 
which  should  have  the  greatest  resistance  to  chemical  actions. 

First,  the  relative  solubilities  in  4U  HITOs  of  the  more  com- 
mon alloys  were  determined.  The  following  table  gives  the  alloys 
used  and  their  corresponding  solubilities  in  percent  dissolved  in 
twenty- four  hours  at  room  temperature. 


TABLE  NO.  I 

Relative  Solubilities  of  Metals  and  Alloys  in 

25  Percent  HHO» 

Percentage  dissolved 
in  24  hours 


I.  Pure  Iron  (99.8  %  pure)  100.0 

II.  Commercial  Aluminum  51.4 

III.  Monel  ffietal  19.2 

IV.  Hi chrome  (Hi-90,Cr-10)  7.9 

V.  Copper-Aluminum  (Cu-90,  Al-10)  3.5 

VI.  Hickel  (79),  Chrome  (20)  Al(l)  1.3 

VII.  Perro  Silicon  0.1 


The  last  two  alloys  are  the  least  soluble,  hut  on  account  of 
the  great  hrittleness  of  the  last  alloy,  it  was  decided  to  carry 
out  experiments  on  the  nickel-chrome  compound. 

In  further  experiments  copper  was  added  because  of  the  diffi- 
culty found  in  casting  the  nickel-chrome-aluminum  alloy  free  from 
flaws,     i'he  high  melting  point  (1500°C)  of  this  alloy  was  thought 
to  he  one  cause  of  this  difficulty;  hence  the  copper  was  introduc- 
ed to  lower  the  melting  point.     The  results  of  experiments  with 
nickel-chrome-copper  alloy  are  shown  in  Table  Ho.  II. 

TABLE  NO.  II. 


Series  ITo. 

1 

2 

3 

4 

5 

6 

Parts  Hi 

65 

80 

80 

80 

75 

70 

Parts  Cu 

30 

10 

5 

5 

5 

10 

Parts  Cr 

5 

10 

10 

15 

20 

20 

Soluble  in  easily    1.25  %       0.02  $    0.05$  0.013$  0.023$ 

4H  HHOs    24  soluble 
hours 
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ITos.  3  and  6,  as  is  shown,  had  practically  the  same  resist- 
ance; "but  Ho.  3  was  more  sluggish  in  pouring,     llos.  5  and  6  were 
so  nearly  alike  in  their  powers  of  resisting  the  acid  that  there 
was  little  choice  "between  the  two.     The  latter,  however,  was  tak- 
en as  a  basis  for  further  experiments  on  account  of  the  relative- 
ly high  percent  of  copper  and  hence  lower  melting  point  (11). 

The  next  thing  to  he  considered  was  a  suitable  cleanser  which 
would  remove  the  dissolved  gases  and  also  lower  the  melting 
point.    Aluminum  was  first  tried  in  test  ITo.  7,  in  which  one  part 
of  aluminum  was  added.     In  Ho.  8,  one-half  of  a  part  of  aluminum 
was  added  to  the  alloy  of  the  composition  of  ITo.  6.    Both  ITo.  7 
and  ITo.  8  were  so  resistant  that  it  was  concluded  that  aluminum 
had  a  beneficial  effect  upon  that  property;  besides  the  castings 
seemed  to  be  free  from  blowholes.    From  experiment  No.  7  on, 
therefore,  aluminum  was  used  as  a  deoxidizer. 

The  effect  of  manganese  was  first  tried  in  test  Ho.  14.  The 
approximate  composition  of  alloys  ITo.  13  and  14  are  shown  in  the 
following  table. 

TABLE  ITO.  III. 
Ho.  13  Ho.  14 

Hi  68.6  fo  Hi  67.7  % 

Cu  9.8  Cu  9.8 

Cr  19.7  Cr  19.4 

Al  1.9  Al  1.9 

Mn   Mn  1.1 


Ho.  14  was  fully  as  resistant  as  Ho,  13,  and  it  had  a  better 
structure  than  ITo.  13.     In  Ho.  20,  1.75  precent  of  manganese  was 
used  and  it  seemed  to  increase  the  shrinkage  very  much.  The 
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conclusion  drawn  in  these  experiments  with  varying  amounts  of 
manganese  was  that  the  use  of  about  one  percent  of  manganese  was 
the  "best. 

In  ITo.  21  the  effect  of  tungsten  was  first  tried.  The 
cheif  functions  of  the  tungsten  are:-  1st,  eliminating  of  pin- 
holes due  to  dissolved  gases  or  to  a  coarse  texture  and  crystal- 
lization and  the  forming  of  a  finer  structure;  2nd,  the  lowering 
of  the  melting  point.    Table  Ho,  IY  gives  the  composition  of  al- 
loy llo.  21  from  which  the  first  good  cover  of  the  new  Parr 
calorimeter  bomb  was  cast. 

TABLE  HO.  IY. 
Ho.  21 


Hi  65.3  °/o 

Gu  9.5 

Cr  -18.7 

Al  1.4 

Mn  _  1.6 

W  3.7 


Further  experiments  showed  that  the  use  of  3.3  percent  of  tung- 
sten gave  the  "best  results. 

More  efforts  were  made  to  reduce  the  dissolved  gases  and 
eliminate  blowholes;  and  in  Ho.  23  boron  suboxide  was  tried.  The 
effect  of  boron  suboxide  was  first  tried  by  Dr.  E.  Weintraub  in 
an  effort  to  cast  pure  copper  for  use  in  the  manufacture  of  elec- 
trical apparatus.     It  is  made  by  reducing  boric  anhydride  with 
magnesium,  aluminum  or  an  alkali  metal,  and  chemical  treatment  of 
the  reaction  product.    For  copper  casting,  however,  it  is  unneces- 
sary to  treat  the  product  as  the  ingredients  of  it  (excess  boric 
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anhydride  and  of  "borate)  outside  of  the  "boron  suboxide  are  harm- 
less or  even  useful  in  diluting  the  active  agent.     Therefore,  the 
suboxide  flux  was  used  as  a  deoxidizer  in  the  experiments  to  ob- 
tain an  insoluble  alloy.     The  boron  suboxide  flux  contains  about 
10  percent  of  pure  boron  suboxide. 

Ho.  23  was  the  most  resistant  alloy  up  to  that  time.  It 
was  put  in  commission  as  a  cover  in  February,  1912,  and  is  still 
in  use.     The  composition  of  Ho.  23  is  given  in  the  following 
table . 

TABLE  110.  V 
Ho.  23 

Hi  66.7  % 

Cu-—  9.5 

Cr  19.0 

Al  1.4 

Mn  0.5 

W  1.9 

Boron  Suboxide 

Flux  0.95 

In  Ho.  40  boro -manganese ,  containing  30  percent  of  boron 
and  70  percent  of  manganese,  was  substituted  for  the  boron  sub- 
oxide flux.    Experiments  were  made  in  which  the  boro-manganese 
was  varied  from  one-half  to  one  and  one-half  parts.     The  addition 
of  this  alloy  had  a  hardening  effect  and  it  was  found  that  the 
use  of  1  percent  of  this  alloy  gave  the  best  results.     The  metal 
of  test  Ho.  40  was  cast  as  a  bomb  and  this  proved  to  be  the  first 
good  bomb  obtained.  It  was  cast  in  December,  1911. 

The  next  deoxidizer  tried  after  boron  was  copper  silicon. 
This  alloy  was  first  used  in  Ho.  32.     The  copper  silicon  contains 
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20  percent  of  silicon  and  80  percent  of  copper.     Two  parts  of  the 
copper-silicon  alloy  was  added  to  a  mixture  of  the  same  composi- 
tion as  ITo.  23.     The  resistance  was  not  affected  and  a  more 
fluid  metal  resulted  from  the  use  of  this  last  alloy. 

However,  there  were  still  some  difficulties  from  "blowholes. 
Dissolved  nitrogen  was  supposed  to  cause  this;  and  therefore  in 
Ho.  54,  two  parts  of  manganese  titanium  were  added.     This  alloy 
contained  30  percent  titanium  and  70  percent  manganese.  This 
gave  a  sound  casting  with  no  increase  in  the  solubility.  Upon 
the  introduction  of  manganese  titanium  the  addition  of  pure 
manganese  was  stopped  as  enough  of  it  was  added  in  the  form  of 
the  manganese  titanium  and  the  boro-manganese.    Table  Ho.  VI 
gives  the  approximate  analysis  at  this  point. 

TABLE  110.  VI. 


Hi  66.6  % 

Cu  —  8.5 

Cr  18.0 

Al  2.0 

Mn  1.0 

W  3.3 

B  0.2 

Si—  0.2 

Ti  0.2 


In  test  ITo.  71  molybdenum  was  substituted  for  tungsten. 
This  improved  the  texture  even  more  than  the  tungsten  had  done; 
and  the  alloy  seemed  to  be  more  resistant. 

In  Ho.  72,  all  of  the  nickel  was  replaced  by  cobalt.  The 
result  was  that  an  alloy  was  obtained  which  was  too  hard  for 
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mechanical  working  and  which  was  somewhat  soluble.     The  cobalt 
was  cut  down  to  20  percent,  "but  the  result  was  the  same  as  that 
just  mentioned. 

Hos.  88,  89  and  96  have  all  "been  sound  and  resistant  to 
acids. 

Table  Ho.  VII  shows  the  solubility  of  the  alloys  from  Ho,  23 
up  to  the  present  time. 
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